Abstract EW-type eclipsing binaries (hereafter EWs) are strong interacting systems where both component stars are usually filling the critical Roche lobes and are sharing a common envelope. Numerous EWs were discovered by several deep photometric survey and there are about 40785 EW-type binary systems listed in the international variable star index (VSX) by March 13, 2017. 7938 of them were observed by LAMOST by November 30, 2016 and their spectral types were given. Stellar atmospheric parameters of 5363 EW-type binary stars were determined based on good spectroscopic observations. In the paper, those EWs were catalogued and their properties are analyzed. The distributions of the orbital period (P), the effect temperature (T), the gravitational acceleration (Log(g)), the metallicity ([Fe/H]) and the radial velocity (RV) are presented for those observed EW-type systems. It is shown that about 80.6% sample stars have metallicity below zero indicating that EW-type systems are old stellar population. This is in agreement with the the conclusion that the EW binaries are formed from moderately close binaries through angular momentum loss via magnetic braking that takes a few hundred million to a few billion years. The unusual high metallicities of a few percent of EWs may be caused by contaminating of material from the evolution of unseen neutron stars and black holes in the systems. The correlations between the orbital period and the effect temperature, the gravitational acceleration and the metallicity are presented and their scatters are mainly caused by (i) the presence of the third bodies and (ii) the wrong determined periods sometimes. It is shown that some EW contain evolved component stars and the physical properties of EWs are mainly depending on their orbital periods. It is found that the extremely short-period EWs may be older than their long-period cousins because they have lower metallicities. This reveals that they have a longer timescale of pre-contact evolution and their formation and evolution are mainly driven by angular momentum loss via magnetic braking.
INTRODUCTION
EWs usually consist of two ellipsoidal FGK dwarfs that are in contact with each other and sharing a common convective envelope (CCE) that is lying between the inner and outer critical Roche-lobe surfaces. They are W Ursae Majoris-type eclipsing variables with periods shorter than one days. The light variation is continuous and it is impossible to specify the exact times of onset and end of eclipses. Their light amplitudes are usually < 0.8 mag in V and the depths of the primary and secondary minima are almost equal (e.g., Samus et al. 2017) . This indicates that the two components possess almost identical temperature and are in thermal contact in spite of different component masses. This kind of stars are different from EB-type binaries whose depths of the primary and secondary minima are not equal and they are not in thermal contact. EW-type binaries are usually detected in older open clusters and globular clusters (e.g., Kaluzny & Rucinski 1993) , while they are absent in young seller clusters (e.g., Rucinski 1998) . Based on these observational facts, some investigators assumed that the EW-type binaries form from short-period detached binaries through angular momentum loss via magnetic braking (e.g., Guinan & Bradstreet 1988; Bradstreet & Guinan 1994) . The timescale of pre-contact evolution is from a few hundred million to a few billion years. However, how do EW binaries form is still unknown. It is possible that third bodies may play an important role for the origin of the EWs by removing angular momentum from the central binary through early dynamical interaction and/or later evolution (e.g., Qian et al. 2014; Zhu et al. 2013a ).
Thanks to several photometric surveys in the world, such as Catalina Sky Survey 1 (CSS, Drake et al. 2009 Drake et al. , 2014 , the asteroid survey LINEAR 2 (Palaversa et al. 2013) , All Sky Automated Survey 3 (ASAS, Pojmanski 1997; Pojmanski et al. 2005) and Northern sky variability survey 4 (NSVS, Woźniak et al. 2004) , a large number of EW binaries were discovered. Since the data on variable stars including EWs are constantly changing, the mission of VSX 5 (the international variable star index, Watson 2006) is to bring all of that new information together in a single data repository and provides the tools necessary for the controlled and secure revising of the data. 40785 EW-type binary systems were listed in VSX by March 13, 2017 . Among the 40785 EWs, the orbital periods of 40646 systems were given. Those survey data are very useful to understand the photometric properties of EW binaries. However, statistically spectroscopic properties of those sample stars are unclear because of the lack of spectral surveys. The light curves of many EW binaries were solved recently, but their spectral types are usually unknown.
The Large Sky Area Multiobject Fiber Spectroscopic Telescope (LAMOST, also called as Guo Shou Jing telescope) is a special telescope with an effective aperture about 4 meters that located at Xinglong station, National Astronomical Observatories of China (NAOC). It has a field of view of 5 degrees and could simultaneously obtain the spectra of about 4000 stars with low-resolution of about 1800 in one exposure (Wang et al. 1996; Cui et al. 2012) . The wavelength range of LAMOST is from 3700 to 9000 Å and is divided in two arms, i.e., a blue arm (3700-5900 Å) and a red arm (5700-9000 Å). The final spectrum of each target is obtained by merging several exposures. Huge amounts of spectroscopic data have been obtained (e.g., Zhao et al. 2012; Luo et al. 2012 Luo et al. , 2015 .
In the recent LAMOST data release, about 19.5% EW-type binaries (7938) in VSX were observed by LAMOST survey from October 24, 2011 to November 30, 2016. Among the 7938 EWs, the orbital periods of 7930 samples are given in VSX. The distribution of the orbital period for those observed EWs by LAMOST is shown in Fig. 1 . Also displayed in the figure is the period distribution of all EWs in VSX where 139 EWs without orbital periods are not shown. Those spectroscopic data can be used during the photometric solutions and the big data of stellar spectrum from LAMOST survey provide important information for studying EWs. In the paper, EW binaries observed in the LAMOST survey are catalogued. Then, based on the distributions of those atmospheric parameters and some statistical correlations, the physical properties and the formation and evolutionary states of EW binaries are discussed.
CATALOGUE OF EWS OBSERVED BY LAMOST
In the recent LAMOST data release, about 7938 EWs in the VSX catalogue were observed from October 24, 2011 to November 30, 2016 and their spectral types were obtained. Among the 7938 EWs, the stellar atmospheric parameters of 5363 systems were determined when their spectra have higher signal to noise. The stellar atmospheric parameters including the effect temperature T e f f , the gravitational acceleration Log (g), the metallicity [Fe/H] and the radial velocity V r were automatically derived by the LAMOST stellar parameter pipeline when their spectra are good and reliable (Wu et al. 2011b (Wu et al. , 2014 Luo et al. 2015) . Those stellar atmospheric parameters were determined based on the Universite de Lyon spectroscopic analysis software (ULySS) (Koleva et al. 2009; Wu et al. 2011a) . The ULySS fits the full observed spectra by using the model spectrum that is generated by an interpolator by using the ELODIE library as a reference (e.g., Prugniel & Soubiran 2001; Prugniel et al. 2007 ). When T e f f < 8000 K, the standard deviations are 110 K, 0.19 dex and 0.11 dex for T e f f , Log (g)g and [Fe/H] respectively. For the radial velocity V r , the standard deviations are 4.91 Km/s when T e f f < 10000 K (e.g., Gao et al. 2015) .
The observations of the 5363 EWs are catalogued in the order of increasing VSX number. Some EWs were observed trice or more times on different dates and we list all of the parameters. Those listed in Table 1 are the first 20 observations. The whole catalogue is available through the internet (the elec- ) and it will be improved by adding new data obtained by LAMOST in the future. The table include binary names, their right ascensions (RA) and declinations (DEC), types of light variation and orbital periods. These parameters are from VSX catalogue. Those shown in column 6 are the distances (in arcsec) between the two positions determined by the coordinates given in SVX and by LAMOST. The distances were used to identify those EWs from the LAMOST samples based on the criterion Dist< 2 arcsecs. The observing dates are listed in column 7, while the determined spectral types of those EWs are shown in column 8. The stellar atmospheric parameters, T e f f , Log (g), [Fe/H] and V r ) of the 5363 EWs, are listed in columns 9, 11, 13 and 15. E 1 , E 2 , E 3 and E 4 in the table are their errors respectively.
The temperatures of most EWs are lower than 8000 K and their standard deviations could be estimated reliably. However, both components of EWs are rapidly rotating and highly deformed stars that share a common envelope. Do their spectra have sufficient tracers necessary for unique determination of atmospheric parameters? There are 25 EWs were observed five times or more. To check the reliability of stellar atmospheric parameters and to answer the question, we determined the mean values of their atmospheric parameters and derived the corresponding standard errors. The results are shown in Table  2 where their names and orbital periods are listed in the first and the second columns. The observational times are shown in third column, while the average atmospheric parameters and their standard errors are displayed in the rest columns. As shown in Table 2 , the standard errors of the effect temperature for all targets are lower than 110 K. Apart from two targets, the standard errors of the gravitational acceleration Log (g) for the rest targets are lower than 0.19 dex. The standard errors of the metallicity for most EWs targets are lower than 0.11 dex. These results may indicate that it is no matter that we could use single star spectra to calibrate peanut-shaped stars and demonstrate that the extracting parameters could reach the mentioned level of precision. Moreover, those EWs were observed at different phases, those results also reveal that there are no obvious effects of phase on the derived atmospheric parameters across multiple observations of the same object within the errors. The relative distribution (the percentage of the number to the whole sample) of the orbital period for the 5363 EWs is displayed in Fig. 2 . For comparison, the relative period distribution of all EWs in VSX is also shown in the figure. It is found that both of them are overlapping nearly. This indicates that the 5363 EWs could be used to represent the properties of the whole EWs in the total VSX catalogue. As shown in Figs. 1 and 2, the period distribution peaks are near 0.29 days (the dashed line). This is shorter than that given by Paczyński et al. (2006) who obtain a peak near 0.37 days based on the ASAS data (e.g., Pojmanski 1997; Pojmanski et al. 2005 ). This may be caused by the fact that ASAS is dedicated to the detection of the variability of bright stars, while many faint short-period EWs were discovered by recent deep photometric surveys (e.g., Drake et al. 2009 Drake et al. , 2014 . As those detected by several investigators (e.g., Paczyński et al. 2006; Becker et al. 2011) , it has a sharp cut-off at 0.2 days. A long tail is extending beyond 1 d and the tail actually extends to about 24 days.
For some LAMOST spectra of EW-type binaries, their signals to noise are not high enough to determine the stellar atmospheric parameters. In the case, only spectral types were given. The spectral types of those EWs are also catalogued in the order of increasing VSX number. Those shown in Table  3 are the first 20 spectral types in the catalogue. The whole table is available at the website 7 via the internet. The catalogue lists 3732 spectral types for 3055 EWs. The descriptions of those columns are the same as those in Table 1 . For about 1691 EWs, only spectral type was obtained by LAMOST. Both spectral types and stellar atmospheric parameters were determined for 5363 EWs. For the rest ones, no results were obtained.
DISTRIBUTIONS OF STELLAR ATMOSPHERIC PARAMETERS FOR EWS
As aforementioned, the stellar atmospheric parameters of 5363 systems were determined and their relative period distribution is the same as that of all EWs in VSX. Therefore, they could be used to investigate the properties of the whole EWs. During the analyses, when the EWs were observed two times or more, the stellar atmospheric parameters, the effect temperature T e f f , the gravitational acceleration Log (g) and the metallicity [Fe/H] were averaged and we used the mean values. As for the radial velocity V r , we did not average them because they were observed at different phases and are varying with time. The binary temperature distribution is shown in Fig. 3 and the distribution has a main peak near 5700 K (the solid line). This peak is corresponding to the temperature of a G3-type main-sequence star with a stellar mass about 0.97 M ⊙ (Cox 2000) . This indicates that majority EWs are solar-type stars and have the proton-proton (p-p) chain nuclear reaction at their center cores. Fig. 3 also shows that there is a small peak near 6600 K (the dashed line). This corresponds to the temperature of an F6-type mainsequence star with a stellar mass about 1.35 M ⊙ . From the first peak to the second small peak, it may reflects the transit of center nuclear reaction from the p-p chain to the carbonCnitrogenCoxygen (CNO) cycles. The distribution of the gravitational acceleration Log (g) is plotted in Fig. 4 . The distribution peaks near 4.16. It is shown that the sample of EW systems are homogeneous and most of EWs are main-sequence binaries. This is in agreement with the idea that EWs are formed from detached mainsequence binaries via the combination of Case A mass transfer and angular momentum loss via magnetic braking (e.g., Qian et al. 2013b) .
The metallicity ([Fe/H]) distribution is shown in Fig. 5 . EW-type binaries are usually composed of two solar-type stars. It is expected that their metallicities are similar to those detected among stars in the solar neighborhood (e.g., Rucinski et al. 2013) . However, as shown in Fig. 5 , the metallicities of 80.6% EWs are lower than that of the Sun, i.e., [Fe/H] < 0. For stars in the Galaxy, stellar metallicities are weakly correlated with their ages (e.g., Reid et al. 2007; Feltzing & Bensby 2009) . The low metallicities indicates that most EWs are old stellar population with longer ages. For a few percent of EWs, their metallicities are higher than 0.3 ([Fe/H] > 0.3). The possibility of the unusual high metallicities may be through contamination by material from unseen degenerate objects (e.g., neutron stars and black holes) that orbiting the binaries. Their progenitors are originally much more massive third stars in triple systems. Ten EWs have the highest metallicities are shown in Table 4 . They are a good source to search for potential degenerate objects (e.g., neutron stars and black holes) orbiting EWs. The distribution of the radial velocity (V r ) for those EWs is displayed in Fig. 6 . 7382 RVs for 5363 EWs are used for constructing the figure. A peak is near V r = −20 Km/s and the distribution is symmetric. This may reveal that the V 0 of most EWs are close to this value. The amplitudes of radial velocity curves for EWs are about 150-300 Km/s (e.g., Rucinski et al. 2001 ). Fig. 6 reflects a statistical random sampling of radial velocity curves for EWs. Sixteen EWs with radial velocities larger than 200 Km/s are shown in Table 5 . They may be observed near the maxima or the minima of the radial velocity curves of those EWs.
STATISTICAL CORRELATIONS BETWEEN THE ORBITAL PERIOD AND THE STELLAR ATMOSPHERE PARAMETERS
The correlations between the orbital period and the effect temperature T e f f , the gravitational acceleration Log (g) and the metallicity [ Fig. 3 Distribution of the effect temperature for EWs observed by LAMOST. The solid and the dashed lines refer to the two peaks near 5700 K and 6600 K respectively. 0.2 < P < 0.6 days. The binary components in these short-period systems are usually main-sequence stars. However, there are some EW-type contact binaries with periods over 1 day. As plotted in Fig. 8 , the gravitational acceleration (Log (g)) is weakly correlated with the orbital period. The longer is the orbital period, the lower the gravitational acceleration will be. The lower Log (g) of the long-period systems indicates that the component stars are evolved from zero-age main sequence. Fig. 7 shows that there is a well correlation between the orbital period and the effect temperature T e f f for short-period EWs (e.g., P < 0.6 days). This is more clearly seen in Fig. 10 where only those short-period EWs are shown. The red dashed line in Fig. 10 refers to the peak value of the period distribution. The relation is similar to the period-color relation for EWs (e.g., Eggen 1961 Eggen , 1967 Rucinski 1998; Terrell et al. 2012 ). Both main-sequence components in short-period EWs are filling the critical Roche lobes and have a common convective envelope. It is expected that longer-period systems should have higher-mass components with higher temperatures (e.g., Qian 2003) . However, this relation shows a large scatter. This may be caused by the effect of the presence of third stars. Two examples of this kind of cases are 1SWASP J193127.17+465809.1 and 1SWASP J235935.22+362001.5 (e.g., Lohr et al. 2013) . They are extremely short-period EWs with orbital periods 0.1976295 and 0.2016714 days respectively. It is expected that they should be extremely cool binary systems. However, their spectral types determined by LAMOST are F0 with temperatures of 7027 K and 7294 K respectively. The possibility caused this difference is the presence of a third body with spectral type of F0. New spectroscopic and photometric data are very useful to study the two interesting systems. Their positions in Fig. 10 are shown as magenta solid triangles that deviate the general trend greatly. The other possibility caused the large scatter in the period-temperature relation is that the periods of some binaries are wrong. One of the examples is CSS J080814.1+184933. Its orbital period given in VSX is 0.493868 days. The green solid star in Fig. 10 refers to its position that does not follow the general trend of the period-temperature relation. The phased light curve by using this period is shown in Fig. 11 . As we seen in the figure, there are two primary minima and two secondary minima in one phased light curve. This indicates that the period is wrong. By using those new data, the period of the binary was revised as 0.246746 days. The phased light curves with the revised period is displayed in Fig.  12 that is a typical EW-type light curve. The green solid circle in Fig. 10 represents the right position of the binary with the revised period. As shown in Fig. 10 , the period-temperature relation is tight, but this relation is not linear.
The relations between the orbital period and Log (g) and [Fe/H] for short-period EWs are shown in Figs. 13 and 14 . The positions of the three special EWs are also plotted in the two figures. As that in Fig. 10 , the dashed lines represent the peak value of the period distribution. Fig. 13 shows that Log (g) is weakly correlated with the orbital period. The relation for short-period systems (P < 0.29 days) is deeper than that for long-period ones (P > 0.29 days). As displayed in Fig. 14 , most of the EWs have lower metallicities (below the red solid line). The metallicity is also weakly correlated with the orbital period. For short-period EWs with period shorter than 0.25 days, all of them have metallicities below zero. 
DISCUSSIONS AND CONCLUSIONS
Numerous EWs have been discovered through several large photometric surveys (e.g., CSS, the asteroid survey LINEAR, ASAS and NSVS). However, spectroscopic data are lack for those EWs. Among 40785 EWs listed in VSX catalogue, 7938 were observed in LAMOST spectral survey from October 24, 2011 to November 30, 2016. We catalogue those EWs and their spectral types are given. We also present stellar atmospheric parameters for 5363 of them. By analyzing 25 EWs observed five times or more by LAMOST, we show that the standard errors of the effect temperatures, the gravitational acceleration and the metallicity are usually lower than 110 K, 0.19 dex and 0.11 dex, respectively. These results may indicate that the spectra of EWs have sufficient tracers necessary for unique determination of atmospheric parameters and the extracting parameters could reach the mentioned level of precision. However, to check the results obtained by LAMOST, a careful selection and a detailed spectroscopic investigation of some EWs observed by LAMOST are needed. We are observing some EWs spectroscopically and will determine their stellar atmospheric parameters and compare them with those obtained by LAMOST. The derived effect temperatures as well as the spectral types by LAMOST are very useful during the photometric solution of their light curves. The other atmospheric parameters provide us valuable information to understand the formation and evolutionary state of EWs. We found that the peak of the period distribution is near 0.29 days that is shorter than that given by previous investigators (e.g., Paczyński et al. 2006) . This indicates that a large number of short-period faint EWs were discovered by recently deep photometric surveys. The distributions of the effect temperature (T), the gravitational acceleration (Log(g)), the metallicity ([Fe/H]) and the radial velocity (RV) are presented for those observed EWs. There are two peaks in the temperature distribution that correspond to p-p chain and CNO nuclear reactions in the component cores respectively. The distribution of the gravitational acceleration Log (g) indicates that the components of most EWs are main-sequence stars that is consistent with the idea that EWs are formed from detached main-sequence binaries via the combination of Case A mass transfer and angular momentum loss via magnetic braking (e.g., Qian et al. 2013a) . It is detected that metallicities of most sample stars (about 80.6%) are below zero. Since stellar metallicities are weakly correlated with their ages (e.g., Reid et al. 2007; Feltzing & Bensby 2009 ), this detection reveals that EW-type systems are old stellar population. This supports the assumption that EWs need a long-term pre-contact evolution with timescales from a few hundred million to a few billion years. A few percent of EWs with unusual high metallicities may be contaminated by material from the evolutionary processes of unseen neutron stars and black holes in the systems. The progenitors of those unseen degenerate objects are originally much more massive third stars in triple systems. To date, neutron stars and black holes are usually discovered in X-ray binaries through their X-ray radiation. They are formed through common envelope evolution and are influenced by the companion stars. If these unseen degenerate objects are confirmed, they will be a new population of neutron stars and black holes (e.g., Qian et al. 2008; Ziolkowski 2010) .
The correlation between the orbital period and the effect temperature, the gravitational acceleration and the metallicity are shown in previous sections. The scatters of those figures may be mainly caused by the presence of the third bodies. EWs have the shortest period and the lowest angular momentum among main-sequence binaries. It is assumed that they have a third body that plays an important role for their formation by removing angular momentum from the central binary (e.g., Qian et al. 2006 Qian et al. , 2007 Qian et al. , 2013b Zhu et al. 2013b) . For some systems, their orbital periods are wrong that also cause the scatters in those diagrams. It is shown that the relation between the orbital period and the effect temperature is tight and non-linear. Both the gravitational acceleration and the metallicity are weakly correlated with the orbital period. The metallicities of all short-period EWs with period shorter than 0.25 days are below zero. These indicate that the physical properties of EWs are mainly depending on their orbital periods. The formations and evolutionary states of EWs with different orbital period may be quite different. This conclusion is supported by the relations between the effect temperature (T) and the gravitational acceleration Log (g) and the metallicity [Fe/H] that are shown in Figs. 15 and 16 . The dashed lines in the two figures refer to the peak of the temperature distribution at 5700 K. It is found that both the gravitational acceleration and the metallicity are weakly correlated with the effect temperature. Those extremely short-period EWs (P¡0.29 days; T¡5700 K) usually have higher gravitational acceleration Log (g) and lower metallicity [Fe/H]. They are main-sequence stars with little evolution and are older than their hotter and long-period cousins. This may suggest that they have a long timescale of pre-contact evolution and their formation and evolution are mainly driven by angular momentum loss via magnetic braking. Log (g) P (days) Fig. 13 The relation between the orbital period (P) and the gravitational acceleration Log (g) for short-period EWs. Symbols are the same as those in Fig. 10 . Fig. 15 The relation between the effect temperature (T) and the gravitational acceleration Log (g) for EWs. The red dashed line represents the peak of the temperature distribution at 5700 K. Fig. 16 The relation between the effect temperature (T) and the metallicity [Fe/H] for EWs. Also shown as the red dashed line is the peak of the temperature distribution.
